OBJECTIVES The aims of this study were to determine D-shaped mitral annulus (MA) dimensions in control subjects without significant cardiac disease and in patients with moderate to severe mitral regurgitation (MR) being considered for transcatheter mitral therapy and to determine predictors of annular size, using cardiac computed tomography.
ABSTRACT
OBJECTIVES The aims of this study were to determine D-shaped mitral annulus (MA) dimensions in control subjects without significant cardiac disease and in patients with moderate to severe mitral regurgitation (MR) being considered for transcatheter mitral therapy and to determine predictors of annular size, using cardiac computed tomography.
BACKGROUND The recently introduced D-shaped method of MA segmentation represents a biomechanically appropriate approach for annular sizing prior to transcatheter mitral valve implantation.
METHODS Patients who had retrospectively gated cardiac computed tomography performed at our institution (2012 to 2014) and were free of significant cardiac disease were included as controls (n ¼ 88; 56 AE 11 years of age; 47% female) and were compared with patients with moderate or severe MR due to functional mitral regurgitation (FMR) (n ¼ 27) or mitral valve prolapse (MVP) (n ¼ 32). MA dimensions (projected area, perimeter, intercommissural, and septal-to-lateral distance), maximal left atrial (LA) volumes, and phasic left ventricular volumes were measured.
RESULTS MA dimensions were larger in patients with FMR or MVP compared with controls (area index 4.7 AE 0.6 cm Given the saddle-shaped, nonplanar configuration of the MA, 3-dimensional (3D) imaging is required for comprehensive assessment.
Although this can be achieved using computed tomography (CT), with its excellent spatial resolution (1) (2) (3) (4) , limited data exist describing CT values for MA dimensions in patients with significant mitral regurgitation (MR) in whom TMVI may be a potential therapeutic option.
We recently proposed a D-shaped concept of MA geometry, in which the annulus is truncated along a virtual line connecting both fibrous trigones, as a standardized, reproducible, and more biomechanically appropriate method for MA sizing prior to TMVI (5 Naoum et al.
Mitral Annular Dimensions in Mitral Regurgitation Baseline characteristics for the control group are presented in Table 1 . Age was 56 AE 11 years, and 47% of patients were female. LV and LA volumes and LV ejection fraction were consistent with reported values for healthy individuals (6).
In control subjects, mean MA area, MA area index, and IC/SL ratio were 8.9 AE 1.5 cm 2 , 4.7 AE 0.6 cm/m 2 , and 1.38 AE 0.14, respectively ( Table 2 ). There was wide intersubject variability noted in MA area ( Figure 3) . Although annular dimensions were generally larger in men compared with women, the differences largely disappeared after values were indexed to BSA ( Table 2) .
MA dimensions correlated positively with BSA, as expected ( Figure 4 ). Univariate and multivariate predictors of MA area index in controls are presented in Table 3 . MA dimensions and cardiac volumes among MR subgroups and controls are compared in Table 4 . and MVP is shown in Figure 5 .
Annular geometry was also modified in patients with moderate to severe MR compared with controls.
Whereas IC and SL distances were both increased, the IC/SL ratio was smaller in both patients with FMR and BSA ¼ body surface area; IC ¼ intercommissural; SL ¼ septal-to-lateral; TT ¼ trigone-to-trigone.
Mitral Annular Dimensions in Mitral Regurgitation
MVP compared with controls, indicating that annular remodeling in patients with MR involved relatively more SL (anteroposterior) rather than lateral (IC) expansion.
Differences were noted in annular dimensions between MR subgroups ( There were no significant differences in annular dimensions between ischemic and nonischemic subgroups of FMR (Online Table) .
The associations between annular size and LV and LA volumes were discrepant in patients with MVP and FMR compared with controls ( Figure 6 ). Increasing 
DISCUSSION
In the present study, we reported D-shaped MA dimensions using CT in patients with moderate to severe MR being considered for TMVI and compare these findings with those of subjects without significant cardiac disease. Among controls, we noted wide interindividual variation in MA dimensions, as well as values. This would be largely explained by the deliberate truncation of the anterior horn using our method; however, the broad range of values across studies, allowing for the clinical heterogeneity of study subjects, highlights the difficulties of and lack of standardized annular evaluation.
Sex differences in MA dimensions were also noted in control subjects, with men generally exhibiting larger absolute MA dimensions than women. After correction for BSA, however, these differences largely disappeared, except for SL distance, which was larger in women. Sonne et al. (14) Tables 1 and 2. annulus, which has implications for the development and implantation of TMVI devices. Of particular importance is the observation of larger MA sizes in patients with MVP compared with patients with FMR because this has implications in relation to the availability of appropriate device sizes for these clearly different conditions. The finding of larger MA dimensions in patients with MVP is consistent with previous 3D echocardiographic studies (20) and is thought to be due to increased outward tension on the MA during systole in the setting of excessive mitral valve tissue (21) . Apart from this pathophysiological mechanism, larger annular dimensions in patients with MVP may result from displacement of the posterior segmentation line into the LA due to disjunction of the mitral valve leaflet insertion from the atrioventricular junction (Figure 7) , which has been previously reported in association with myxomatous mitral valve disease (22, 23) . Segmentation of the annulus to reflect the anticipated landing zone as opposed to the anatomic site of MV leaflet insertion is important in the setting of MA disjunction, although further investigation is needed to better understand the impact of disjunction on device sealing and capture.
DETERMINANTS OF ANNULAR SIZE IN CONTROLS
AND PATIENTS WITH MR. Age was not associated with changes in MA size in control subjects, consistent with previous studies (14) . There was also no association between sex and MA size, likely due to the correction for BSA as discussed above. We did, however, observe an association between MA size and both LA and LV sizes, suggesting independent contribution from both chambers to annular size in controls. These findings were different than the observations in patients with MR. In patients with MVP, a positive correlation between MA area index and both LV and LA sizes was seen; however, in patients with FMR, MA area index was positively associated with LA volume only. The cause of FMR has been attributed to various mechanisms, including systolic leaflet tethering to displaced papillary muscles in a remodeled LV (24) , abnormal LV systolic function and shape (25) , and annular remodeling (26) . Interestingly, in a recent study of patients with MR but structurally normal mitral valves, an independent association between LA enlargement and annular dilation was observed (27) , similar to our study, irrespective of the presence of LV dilation and dysfunction. blanke@googlemail.com. 
